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|. Climate change is occurring and is due to
human influence



The Greenhouse Effect

The natural

gree N h ouse effeCt Solar radiation powers

the climate system.

increases surface
temperatures by

about 60°C. N
Some solar radiation
is reflected by
the Earth and the
atmosphere.
Increasing

greenhouse gas
concentrations

increases surface J
te m pe rat ures. r About half the solar radiation

is absorbed by the

Earth’s surface and warms it. Infrared radiation is
emitted from the Earth’s

surface.




The theory of climate change is not new...
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In 1896, Arrhenius projected that carbon dioxide (CO, ) emissions from the burning of fossil fuels
would raise surface temperature; doubling CO, could lead to >4 °C temperature increase



We can decipher past climate

By examining tree rings, ice cores, fossils, and corals, scientists can put together a
robust record of previous past climates over centuries

Maticnal Eicln_mée Foundation, photo h;;-.r Steve Roof



We are observing Current Climate

Thousands of land, air, & ocean measurements are made
of temperature, precipitation, & sea surface




Over the last 20 years, scientific certainty
has been increasing

. Contribution of Working Group |
1o the Second Assessment Report of

“The balance of
evidence suggests a
discernible human
influence on global
climate”

CLIMATE CHANGE 2001

“There is new and stronger
evidence that most of the
warming observed over
the last 50 years is
attributable to human
activities”
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“Warming of the climate
system is unequivocal....
Most of the observed increase
since the mid-20t" century is
very likely [>90%] due to the
observed increase in
anthropogenic greenhouse
gas concentrations.”
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Global Temperature (°F)

Carbon Dioxide and Human Activity

Global Temperature and Carbon Dioxide
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There is a close correlation between CO2 and temperature that has been verified

through manylgines of research . This graph shows the relationship of
temperature and CO2 over the last 130 years

CO, Concentration (ppm)



Global Surface Temperature Change [("C)
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A closer look at the last 30 years
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SCIENTIFIC CONSENSUS:

OBSERVED CHANGE IN TEMPERATURES MATCH COMPUTER PROJECTIONS
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Black lines are decadally averaged observations. Blue bands are computer models with natural forcings

only. Pink bands are computer models with human + natural forcings.



Change is also apparent across the U.S.
Observed U.S. Temperature Change
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Atmospheric CO, is now higher than it’s been for
650, 000 years and increasing rapidly

For 650,000 years, atmospheric CO, has never been above this line ... until now 1950 —»
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This graph, based on the comparison of atmospheric samples contained in ice cores and
more recent direct measurements, provides evidence that atmospheric CO, has
increased since the Industrial Revolution. (Source: NOAA)




Global Climate is Changing

Ten Indicators of a Warming World
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Anomaly (°F)
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= Land Surface Air Temperature 5 Datasets -
-
[l -
i u
= Sea Level: 8 Datasets /
= P E
5_ Northern Hemisphere (March-April) _E
— Snow Cover: 2 Datasets 4
3 A

1900

-
co L
(4]
o

1950

2000

Extent (1 Oﬁmilesz) Anomaly (g/kg) Anomaly (1 OZZJ) Anomaly (°F)

Mass Balance (inches w.e.)

1.0 Tropospherlc Temperature
7 Datasets

0.0F
05¢[
10}

10 L Ocean He'at Content '(0-700m): '
. 7 Datasets

20

0.3 [ Specific Humidity:
0.2 | 3 Datasets

1940 1960 1980 2000




Glaciers are melting all around the globe
contributing to sealevel rise

 snow and ice are melting rapidly.

* In Glacier National Park, there were 150 glaciers in 1850. Today, there are 26.



The
Greenland
ice sheet
is melting

. Permanent ice sheet that melts in summer Seasonal ice coverage Permanentice sheet

WDR: 2010, & National Snow and Ice Data Center

Contains about 7 meters of sealevel rise




Change is also Apparent Across the Arctic

Arctic Sea Ice Decline

SR
Average Arctic Sea Ice Extent in September
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In 1980, arctic ice covered all the

. : . Sea ice extent in 2012 was 40% less
red, pink and white regions

-\\ U.S. Global Change Research Program

National Climate
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U.K. Daily Mail, September 15, 2013

And now it's global COOLING! Record return
of Arctic ice cap as it grows by 60% inayear

HOW ICE SHEET GREW 920,000 SQUARE MILES IN A YEAR
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CONTRACTIOM: Thiz Masa satellite image shows the ice al 1he smallest RECOVERY: Contrary to predictions lh.51 thies bce would have vanished I:n;
mulent on retord, with much of the Arclic Ooean uncovensd this summaer, it has aciually increased by &0 per cenl from Lest year




Extent (million square kilometers)
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Extent (million square kilometers)

Average Monthly Arctic Sea Ice Extent

September 1979 - 2012
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Here is the data for September 2013 -
50% more ice than 2012 is still on
the long-term decline trajectory....
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Il. Impacts are already being felt



Independent evidence for a warming world

| EARLIER SPRING
<« Lilacs, honeysuckle, and other




Independent evidence for a warming world

SHIFTING CROPS AND PLANTS
Center of blueberry production has shifted
northward, from Maine to Quebec.




Independent evidence for a warming world

'm EXTREME HEAT
" Record high temperatures and
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Independent evidence for a warming world

DROUGHT
Crop losses of S5B per
year since 1980s.




Independent evidence for a warming world




Independent evidence for a warming world

Responses to Warmlng e
temperatures seen in r 4

more than 25,000 physical § i
“ and biological systems g=
around the World
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Impacts to crops

Shift in Plant Hardiness Zones

Zone Changes in Past 10 Years Projected Zone Changes in Next 30 Years

In Color of New Planting Zone In Color of New Planting Zone

Average Annual Minimum Temperature by Climate-Related Planting Zone
I o Change in Zone Zone5(-1910-10F) | | Zone7 (110 10F) [ Zone 9211030 F)

B zo0e 4 (2010 -20F) Zona61-0t00F) [ | Zenes (111020 F) [ Zone 10131 ¢ 40 F)

N U.S. Global Change Research Program

National Climate
Assessment




Record heat events recorded in many countries
COUNTRIES THAT SET NEW RECORD HIGHS IN 2010
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The record high temperatures in western Europe in the summer of 2003 were associated
with a spike of about 70 000 more deaths than the equivalent periods in previous years.



The Midwest had some of the largest
temperature anomalies in 2012

Record-Setting Heat Across the U.S. in 2012
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Increased Volume of Rainfall in Heavy Precipitation Events

Change based on
1901 - 1960
average, top 1%
of all daily events

\\\ U.S. Global Change Research Program

National Climate
Assessment:

Percentage Change in Very Heavy Precipitation
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20-30% 30-40% 40-50% >60%
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The increasing intensity of storms and shifting of rainfall patterns
toward more spring precipitation in the Midwest may lead to more
scenes similar to this one.




Extreme Events are Increasing

U.S. Billion-Dollar Weather and Climate Disasters: 1980 — 2011

Drought and
Heatwaves

Hurricanes and
Tropical Storms

Winter Storms and
Crop Freezes
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Billion Dollar Weather/Climate Disasters
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NatCatSERVICE

Natural catastrophes worldwide 1980 — 2012 Munich RE ==
Number of events

L

B e o o o i

Mumber
1200
1000
200
600
400
1980 1982 1934 1936 1988 1990 1992 1994 1996 1993 2000 2002 2004 2006 2008 2010 2012
[l Geophysical events [ Meteorological events [ Hydrological events ) Climatological events
(Earthquake, tsunami, (Storm) (Flood, mass (Extreme temperature,
volcanic eruption) movement) drought, forest fire)

& 213 Monchener Riickversicherungs-Gesellschaft, Geo Risks Ressarch, MatCatSERVICE - As at Janusny 2013




NatCatSERVICE

]
Natural Catastrophes 2012 Munich RE ==
World map

o B R R B B B R T o e e e s

Winter 5torm Andrea
Eurcpe, JE_:_E January

Hai
Canade, 12-14 August

W7 USA, Caribbean
g 24=31 QOctober -
Hurricane lsaac .
. USA, Canbbean

#2431 August

y .,.J Typhoon Haikui
/ China,
2 J 80 August

'.“— Typhoon Bopha
# . Philippines,
& 1‘“‘4—5 December

Pakistan, 3 —27 September ™= # .

~ ]
Floods f - . =
Floods, flash floods
Ausiralia, Jan - Feb L3
Floods, hailstorms ¥

v|
Floods, flash floods
Australia, Feb — March

South Africa, 20 —21 October

o Natural catastrophes ® Geophysical events @ Hydrological events
(earthquake, tsunami, volcanic activity) (flood, mass movement)
) Selection of significant @ Meteorological evenis @ Climatological events
Matural catastrophes (storm) (extreme temperature, drought, wildfire)}

= 1 3 Kinnchenar Riickyersichaemninos-Secsellschaft Gen Ricks Recegreh MattatSERVICE — &= a3t dlznusny M3



Global Natural Catastrophe Update

Natural catastrophes worldwide 2012 Munich RE ;
The five costliest natural catastrophes for the insurance industry

B e A

Insured losses

| USSm
2431102012 o™ Hurricane Sand 220 25 000
e Caribbean y ’
June-Sept. 15,000-17,000
2012 Sep USA Drought agriculture losses / average
year approx. US$S 9bn

2432012 USA Severe storms, 41 2,500
tornadoes

282042012 USA Severe storms, 350 2,500
tormadoes

28.6-2.7.2012  USA Severe storms, 18 2,000
tormadoes

...................... -

Source: Geo Ricks Research, HatCatSERVICE - As at Januwary 2012 2 2013 Munich Re 32



I1l. What does the future portend?



Climate Model Projections
We are headed well past a 2° C world under ‘business as usual scenarios

Temperature Increases for Various Emission Scenarios

High emissions scenario B
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By 2040- 2070
Projected Change in Number of Days Over 95°F

Projected Difference from Histonical Climate
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Change in Number of Days
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]
http://scenarios.globalchange.gov/report/regional-climate-trends-and-scenarios-us-national-
climate-assessment-part—2-c|imate—southeast

Yy U.S. Global Change Research Program

National Climate
Assessment



http://scenarios.globalchange.gov/report/regional-climate-trends-and-scenarios-us-national-climate-assessment-part-2-climate-southeast
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Future dcadal trend in water availability

Trend in water availability
B £ 4% to -5%
-2% to -2.5%

-2.2% to 0%
' 0% to 2.5%
" i 2.5% to 3.6%

The hatched areas are those where the predicted
negative trend in water availability is statistically
significant (with 95% confidence).

N U.S. Global Change Research Program

National Climate
Assessment
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Southeast Impacts

Primary impacts: extreme heat events, decreased water
availability & sealevel rise

Southeast is expected to have the highest increase in heat
index (a measure of comfort that combines temperature and
relative humidity) of any region of the country

Daily rainfall intensities have increased
Up to 10°F increase by 2100 for interior States of the region
Livestock yield may decline with a 99F increase

Summer heat stress is projected to reduce crop productivity,
especially when coupled with increased drought

Decreased water availability, exacerbated by population
growth and land-use change, will increase competition for
water & impact the region’s economy & unique ecosystems.

U.S. Global Change Research Program

National Climate
Assessment



Development consensus: The poor will suffer most

Percentage change in yields between present and 2050

I e
-50 -2 0 20 50 100

World Development Report, 2010 */



Availability of irrigation water will decrease in key areas

Scholze et al. (2006) Blue tendency to increase
Red tendency to decrease



More environmental refugees

Population living within
100 km of the coast

| None

Shoreline

- Most altered

| Less than 30% —  Altered
- 30 to 70% - | east Altered
- More than 70% = Selected coastal cities of more

than one million people

UNEP, Global Environmental Outlook-4 ,2007



V. Ways forward



Act differently:
Radically transform energy systems

CO0,e (gigatons)
10 >
60 B Demand reduction Ef
S
Renewables 4 r
W (hydro, solar, wind, — ﬂ
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Nuclear iJ
40 |
M Fossil CCS 'b
30 % Forest sinks *’
: Other greenhouse gases LikWgs
(CH,, N;0, F-gases) “
20
Fossil fuel switch A
(coal to gas) ;
10 e,
0 -
2000 2010 2020 2030 2040 2050 2060 2070 2080

Year

World Development Report 2010



We must Adapt to climate change, adaptively:

how can we help make robust rather than optimal decisions

Infrastructure to withstand new “extremes”
Seed varieties that perform well in droughts/floods/heat; seed banks

Prioritize lands to preserve and manage multiple threats

world dmhpmentgpér) 1 ()
Emergency response plans, early-warning alert systems

Develop social safety nets / insurance
Information systems / share best practices

Regional assessments Global Climate Change Impacts

in the United States

done iteratively
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CLIMATE CHANGE UREp

“It is our collective responsibility
to find ‘unselfish’ solutions and
fast before it’s too late to reverse
the damage caused every day.”

Maria Kassabian, age 10, Nigeria

Drawings from children around the world.....



Earth at Night

More information available al: Astronomy Picture of the Day

hitp://antwip.gsfe.nasa.gov/apod/ap001 127 html , 2000 November 27
bt etwrp gsfe s govapodastopix il



CLIMATE CHANGES ARE ALREADY UNDERWAY IN
THE U.S. TOO

Increasing temperature

RiSing Seéa |eve| Global Climate Change Impacts
in the United States

Rapidly retreating glaciers
Thawing permafrost
Longer growing season

Longer ice-free season in the
ocean and on lakes and rivers

Earlier snowmelt
Increasingly intense downpours

Increase in droughts, fires, floods

USGCRP 2009 and draft NCA 2013
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